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The aim of this paper is to design an 10Ts (Internet of Things) system
that can detect failures on distribution transformers based on the
temperature of their body. To build the system, at first, a device is
deployed to measure the temperature outside the transformer using a
non-contact infrared temperature sensor. Then, experiment is
conducted to collect the temperature data of operating transformers to
find out a correlation between the outside temperature and actual
temperature of them to conduct suitable warning mechanism. Next,
Amazon AWS 10T Core service is utilized to connect measuring
devices and store their data in a database. Finally, a web-based
application is developed to monitor and alert the abnormal states of
transformers. The experimental results indicate that the system can
measure transformer temperature based on the heat on their body, the
web-based application can observe transformer temperature in real-
time and notify when a problem is occured.
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Muc tiéu bai bao nay la thiét ké mot hé thong Internet van vat loTs
(Internet of Things) c6 thé phat hién su c6 xay ra trén cac may bién ap
phan phéi dia vao nhiét d6 hoat dong trén than may. Dé xay dung hé
thdng, trude tién, mot thiét bi do nhiét do than may duoc thiét ké sur
dung cam bién nhiét d6 hdng ngoai khong tiép xuc. Sau d6 tién hanh
thuc nghiém thu thap dir liéu nhiét @6 thdn may va nhiét d6 hoat déng
cia may bién 4p dé phan tich twong quan gitra chung nham dwa ra co
ché canh bao phu hop. Ké dén sir dung dich vu AWS IoT Core cua
Amazon dé két ndi cac tram va luu trit dit ligu do. Sau cung 1 phat trién
mot ting dung web dé giam sat va canh bao sy ¢d cua cac may bién ap.
Cac két qua thuc nghiém cho thay hé thong c6 thé giam sat duoc nhiét
d6 may bién ap dua trén nhiét d6 cua than may, tng dung web da c6 thé
giam sat nhiét do cua cac may bién ap theo thoi gian thuc va thuc hién
canh bao khi co sy ¢b xay ra.
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1. Gioi thigu

Trong nhitng nim gin day, khong chi dan s d6 thi ting manh, dan sé & cac khu vuc d thi
cling khong ngimg ting 1én. Nhu cau st dung dién cho cong nghiép, thuong mai va ho gia dinh
clng tang cao [1]. Tap doan dién luc Viét Nam EVN (Vietnam Electricity) da thuc hién tt cong
tac cap dién phuc vu cho phat trién kinh té - xa hoi, dap tng nhu CaU San Xut nong nghiép, cong
nghiép va dich vu. Trong thoi gian qua, nganh dién da trién khai nhiéu giai phap thiét thyc dé
nang cao hiéu qua van hanh hé thong ludi dién, tap trung giam sy ¢ trén ludi va thiét bi dién lién
quan. Trén hé thong ludi dién may bién 4p (MBA) phan phdi (Hinh 1) 1a mét thiét bi rat quan
trong gitp cho viéc truyen tai dién nang dugc an toan va hiéu qua bei vai tro chinh cua n6 la lam
cau noi va chuyen tiép dién ning & cac cap phan phdi dién khiac nhau dé phuc vu cho qua trinh
truyén tai tir ngudn cung dén noi tiéu thu dién.

Hinh 1. MBA phan phoi dang dwoc van hanh trén lwoi dién

Tuy nhién, qua trinh van hanh hién nay tai Viét Nam cac MBA phan phol mét pha chua dugc
giam sat tr Xxa mot cach lién tuc khi van hanh. Diéu nay dan dén cac cac sy cb xay ra trén cac MBA
nay van con tiép dién, da va dang tac dong dén chat luong cung cap dich vu dién. Cac nguyén nhan
phd bién dan dén su c6 thuong 1a khiém khuyét & khau thiét ké, cac khuyét tat vé vat liéu, quy trinh
bao dudng khong dung, ngin mach bén ngoai dan dén qué tai trong thoi gian dai.

Dic diém quan trong cua MBA khi gap su ¢b d6 1a nhiét do cua né ting nhanh trude khi cac
hé qua khac xay ra. That vay, trong quy trinh van hanh va bao dudng ciia EVN, cic quy dinh vé
ngudng an toan nhiét cua thiét bi ciing dugc dé cap rat rd rang. Nhiing quy dinh nay s& dugc phan
tich trong ndi dung lién quan cua bai bao nay. Do d6, vin dé dit ra 12 néu phat hién kip thoi tinh
trang qua nhiét chia MBA trong qua trinh van hanh thi s& giip nha quan ly sém dua ra giai phap
khic phuc dé tranh hau qua dang tiéc xay ra.

O nuéc ta, da c6 mot s0 mo hinh diéu khién thiét b dién da duoc tng dung trong thuc té. Tuy
nhién, con nhiéu van dé nan giai chua dwoc giai quyét mot cach triét dé: hau hét cac hé thong
diéu khién va giam sat thiét bi dién duoc sir dung trong cac quy mo 16n trong khi thuc té mo hinh
vira va nho véi sé luong it thiét bi lai khong phé bién [2] - [3], bén canh do6 gia ca cua cac hé
théng d6 vuot qua cao so v6i nhu cau sir dung cua nhimg c4 nhan, t6 churc vira va nho [4] — [5].
Giam sat hoat dong cia MBA phan phdi ciing 14 chu dé& dugc cac nha nghién ciru trén thé gioi
quan tdm. Cac hé thdng giam sat MBA phan phdi dang van hanh hién tai cha yéu dwa vao
phwong phép do tiép xuc va ciing hoat dong dua trén ha tang 10Ts [6] — [8]. Nghién ctru nay 1a
mot nén tang dong gop cho viée xay dung ludi dién thong minh va cac tng dung du doan bao tri
hé thdng dién lién lién quan.

Nghién ctru nay s& tap trung thiét ké va ché tao thir nghiém mét hé théng co thé hd tro giam
sat va canh bao lién tuc tinh trang qua nhiét cia MBA phan ph6i mot pha trong qua trinh van
hanh dya trén nén tang loTs nham hd trg nha quan 1y trong viéc phat hién va khac phuc su ¢b
lu6i dién mot cach kip thoi. Hé thdng bao gdm cac tram do nhiét do van hanh cia MBA va dong
bo dir liéu lién tuc vé mot may chi dam may. Nhiét d6 dugce do bang phuwong phap khong tiép
xuc giup ting do chinh xac va dé& dang lap dit. Mot tng dung trén dich vu web server dugc phat
trién nham phan tich céac dit liéu luu trit dé dua ra canh bao dua trén quy dinh van hanh caa EVN.

http://jst.tnu.edu.vn 145 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(02): 144 - 151

Thanh cong cua hé thong s€ gitip giam sat hi¢u qua cac MBA phan phdi dang van hanh, han ché
dén murc thap nhit cac sy ¢d xay ra.

2. Phwong phap nghién ciru

Hinh 2 trinh bay so d6 khéi tong quat cua hé thong duoc tao thanh tir bén thanh phan chinh
bao gom (1) cac tram do nhiét d9, (2) hé thong quan 1y thiét bi s dung AWS loT cta hing
Amazon [9], (3) tng dung trén dich vu web server. Céc tram do nhiét do s€ dugce dat truc tiép tai
cac MBA, duoc thiét ké dua trén dong SoC (System-on-Chip) ESP32 cua hang Espressif [10]
tich hop kha ning giao tiép wifi phi hop cho tng dung IoT. Cac thiét bi nay dugc cau hinh va
quan 1y qua dich vu AWS loT Core ciia Amazon, cac dir liéu thu thap dugc luu trit vao co so dir
liéu NoSQL DynamoDB.

2.1. Lwa chen cam bién nhiét d¢

Do méy bién ap dang van hanh trén luéi dién nén giai phap kha thi nhat dé do nhiét do bén
ngoai vo cua no. Hién tai trén thi truong c6 mot s6 loai cam bién chuyén dung dé do nhiét do
dugc chia thanh hai nhém chinh bao gom do tiép xtc hay cam bién cin dit vao trong méi trudng
can do va khong tiép xuc hay do & mot khoang cach nao do.
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Hinh 2. Téng quan hé thdng

Cam bién nhiét dugc chon tir ba loai sén c6 trén thi truong, bao gdm MLX90614 [11] do
khong tiép xuc bang tia hong ngoai hd tro ca hai ché do do mdi truong (Ambient) va do vat thé
(Object), hd tro giao tiép theo chuin 12C; DS18B20 [12] va DHT11 [13] do tiép xuc giao tiép
theo chuan mot day.

Pé xac dinh dugc cam bién phu hop nhét cho thiét ké tram do, thi nghiém duoc b tri nhu Hinh
3a. Trong thi nghiém nay, tam kim loai duoc chon lam db6i tuong do gia 1ap vo MBA. Cam bién
duoc l4p dat bén trén, khoang cach tir cam bién dén dbi twong do hiéu chinh duoc tir 0 dén 5 cm.
Mot mach thu thap sé liéu dugc sir dung dé thu thap gia tri nhiét do do dugc. Muc dich cia thi
nghiém 1a tim ra loai cam bién phu hop va khoang cach tdi uu nhat dé lip dit. May do chuan nhin
hiéu Bosch (Hinh 3b) dugc st dung dé 1am co s so sanh cac cam bién. Gi4 tri trung binh trj tuyét
déi sai s6 MAE (Mean absolute error) tinh theo cong thirc (1) dugc chon 1am tham s6 danh gia.

MAE = Z ly; — 1)

_Trong do, y; la gia tri nhi¢t d6 do bang Cam bién, x; 1a nhiét d6 do bang may Bosh va n 1a sé
mau dir liéu nhiét do thu thap dugc.

Thi nghiém duoc thyc hién voi hai tham sé chinh. Thar nhat 14 nhiét d6 cua ddi twong s& duoc
gia nhiét va giit on dinh 1an luot tir 35 dén 70 °C, mdi budc ting 5 °C. Thi hai 1a khoang cach tir
cam bién dén ddi twong 1a tir 0 dén 5 cm, mdi lan thay d6i 1 cm.
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MAE giita nhiét d6 do dugc tir cac cam bién va may do chuin dugc minh hoa trong Hinh 4. Két
qué nay cho thay hai cam bién DS18B20, DHT11 va MLX90614 ¢ ché d6 do méi trudng chi do tot
& khoang cach tir 1 dén 2 cm va nhiét do ddi twong téi da 50°C. Trong khi d6 MLX90614 & ché do
dbi tugng cho két qua kha 4n tugng, dit biét 1a & khoang cach trong khoang tir 2 va 3 cm véi trung
binh trj tuyét dbi sai s6 1an luot 1 0,29°C va 0,28°C (Hinh 5). Nhu vay, MLX90614 & ché do dbi
tuong 1a phu hop nhat dé do tryc tiép nhiét ¢ vo MBA phan phéi trong nghién ciru nay.
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2.2. Thiét ké tram do

M3i tram do dugc thiét ké dé dam bao cac tinh ning nhu hoat dong véi ngudn nudi doc 1ap,
do chinh xéac nhiét d6 vo may ma khong bi anh hudng boi nhiét do moi truong, giao tiép Internet
dé dong b dit liéu do vé AWS IoT. So db thiét ké cua mdi tram do dugc minh hoa trong Hinh 5,
gdm ba khéi chinh 13 ngudn cung cip, bo xtr 1y trung tdm va cam bién.

Pé dam bao tram do c6 thé hoat dong doc 1ap véi dién ludi, ngudn cung cap si dung tim pin
mit troi 18V cong sudt 35W két ndi voi bo diéu khién sac. SoC ESP32 tich hop vi xir 1y 15i kép,
toc do tdi da 240MHz dong vai trd 13 b xir 1y trung tdm chiu trach nhiém thu thap dit liéu nhiét
d6 va dong bo vé AWS ToT thong qua bo giao thirc MQTT.

Khdi cam bién sir dung cam bién nhiét d6 hdng ngoai MLX90614 hoat dong & ché do do ddi
tuong nhu da Iya chon & trén, két ndi véi ESP32 qua giao thic 1°C. Mai tram do sir dung hai cam
bién MLX90614 nham du phong trong truong hop mét trong hai cam bién gap su ¢b thi hé thong
van duy tri hoat dong.

2.3. Bé tri thi nghigm thu thdp diz liéu

Nhu di dé cap, nghién ciru ndy s& giam sat nhiét do MBA thong qua nhiét do vo nén viée tim
ra tuong quan gitra nhiét d6 may bién 4p va nhiét do vo 1a khau quan trong va kho khin nhat.
Dleu nay sé& quyet dinh duoc liéu nhiét do vo co thé st (dung dugc khong va st dung nhu thé nao.
Dé tim ra méi tuong quan nay, mot thi nghiém duoc bé tri nhu Hinh 6 duoc tién hanh nham muc
dich gia lap diéu kién véan hanh va do song song nhi¢t do bén trong MBA va nhiét d vé cua no
dé phan tich tuong quan giita hai nhiét ¢ nay. Nhu minh hoa trong Hinh 6, nhiét d6 bén trong
MBA duoc do bang mét may do chuan nhén hiéu HANNA c6 que do dai cam tryc tiép vao dau
tan nhiét, hai cam bién duoc lip dat ¢ gitta than may dé dam bao do nhiét do gan ding nhit dva
trén tu van cta nhan vién k¥ thuat tai t6 van hanh va bao dudng.

Bang 1. Cdc dong mdy bién dp phdn phéi dwot sir dung

Loai my Cudn cao ap Cudn ha ap Tan sb
: (kV -A) (V-A (H2)
1 12,7-1,97 2x230 — (54,3-54,3) 50
2 (12,7-8,66) - (2,0 - 2,9) 2x230 — (54,3-54,3) 60
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Thi nghiém duoc thyuc hién trén hai dong may cua hang THIDIBI nhu dugc trinh bay trong
Bang 1, dung luong 25kVA dang dugc bao tri dinh ky tai doi quan 1y van hanh luéi dién cao thé -
cong ty dién lyc Bac Liéu, thanh phé Bac Liéu. Trong qua trinh thi nghiém, MBA ap dugc nhan
vién k¥ thuat cia cong ty dién luc Bac Liéu giam sat va tu van truc tiép. MBA s& duoc cap dong
van hanh dat tir 100% tai trd 1én va van hanh lién tuc tir 3,5 gio dén 5,5 gio tily vao diéu kién
thuc té cua timg dot thi nghiém. Gia tri nhiét do s& duoc thu thap lién tuc mdi 5 phit trong sudt
thoi gian thi nghiém.

2.4. Gidi phdp cdnh bdo

Dua vao céc tiéu chuin vé vat tu thiét bi ludi dién cua Tong Cong ty Dién luc mién Nam da
dugc ban hanh ngay 03/9/2015, s6 EVN SPC-QLDT/QyD.114, MBA phan phdi mét pha loai
12,7/0,23 kV c6 nhiét d6 tdi da cho phép cua Iop dau trén bé mat 1a 55°C va cua cudn day la
60°C. Bén canh do6, cin cir theo quyét dinh s6 269/QD-EVN ngay 04/3/2019 vé viéc ban hanh
Quy trinh quéan 1y van hanh va bao dudng tram bién ap phan phdi trong Tap doan Dién lyc Quéc
gia Viét Nam, cho phép may bién 4p van hanh dién 4p cao bang dinh mirc & nac dién 4p dang van
hanh ngin han 10% duéi 6 gio mot ngay.

Do hé théng trong nghién ctru nay chi do nhiét d6 cuon MBA thong qua nhiét d6 vo, nén do
canh béo sé& 1a hidu sb giira nhiét do ti da cho phép (60°C) va gia tri chénh léch giita nhiét do vo
va nhiét dau MBA (gan cudn day). Gia tri chénh 1éch nay s& duoc xac dinh thong qua phan tich
gi4 tri 56 lidu thuc nghiém duoc bé tri trong Hinh 6.

[ Nguén cung cép ]
|
v v

Bo xu Iy Cam bién
trung tam nhiét

Cam bién 1

s 4 .f ) Thiét bj nhiét d diumay
\ < bien ap voi que do cam
Hop diéu khién | trire tiep vao dau may

Hinh 5. So' do thiét ké mach dién tir cua tram do Hinh 6. Bé tri thi nghiém thu thap nhiét dg MBA

3. Két qua va ban luin
3.1. Twong quan nhiét d¢ dau va nhigt dp vé mdy bién dp

Céc biéu do trong Hinh 7 trinh bay lai két qua thi nghiém khao sat bién dong nhiét do cua
MBA khi hoat dong tir 100% tai tré 1én. Do hai loai MBA dugc thi nghiém dang trong giai doan
cho bao dudng nén nhiét do ban dau khi bat dau cAp thap hon nhiét do méi truong. Nhiét d6 nay
tang dan va lan truyén ra I6p vo nho vao 16p dau tan nhiét. Tuy nhién, tiy theo tai ciing nhur loai
bién ap ma thoi diém nhiét 46 bang va vuot nhiét d6 vo khac nhau. Dién hinh, Hinh 8a va 8b cho
thiy MBA loai 1 khi chay 100% tai nhiét d6 lan truyén cham hon 104% tai. Cu thé voi 100% sau
hon 2 gior thi nhiét d6 dau méi bang nhiét d6 vo, trong khi 104% chi sau hon 1,5 gio. Trong khi
d6 MBA loai 2 chay 113% chi sau chua dugc 1 gio thi nhiét do dau da bang nhiét d¢ vo. Néu duy
tri tai trong thoi gian dai thi nhiét d6 dau trong may s& ting lién tuc va téc do ting nhanh cham
cling phu thudc vao tai van hanh caia MBA.

Do diéu kién khach quan nén MBA loai 1 chi c6 thé duy tri tai t6i da trong gan 4 gid va nhiét
d6 dau chi 50°C van nam trong ngudng cho phép. Trong khi d6, MBA loai 2 c6 diéu kién thi
nghiém duy tri tai 113% dén gan 6 gio va nhiét do cia no6 tang 1én rit cao, 65°C, vuot ngudng
can canh bao theo quy dinh ciia EVN. Bang 2 liét ké cac gia tri MAE, thap nhét va cao nhat cua
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chénh léch dién ap giita nhiét do dau va vo MBA. Dua vao bang nay, gia tri MAE cia may bién
ap 2 duogc chon 1am gia tri tham chiéu dé canh bao qua nhiét dya vao nhiét do vo. Sau khi MBA
van hanh trong mot khoang thoi gian dai thi nhiét d6 vo cta n6 ludn duy tri cao hon nhiét d6 dau.
Két qua 13, khi nhiét d6 v cia MBA vuot qué hiéu s6 (60 — 2,48)°C hay 57,52°C thi hé thong sé
phat canh bao trén (ng dung web dé nha quan 1y ¢ chién luge tim hiéu va khic phuc su ¢é kip
thoi.

70.0
65.0 . . R
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Hinh 7. Nhiét @6 dau va vé mdy bién dp: a) My logi 1 chay 104% tai lan 1,
b) May logi 1 chay 100% tdi ldn 2, ¢) Mdy logi 2 chay 113% tdi

Biing 2. Chénh léch thap nhdt (MIN), cao nhdr (MAX) va trung binh tri tuyét doi chénh léch (MAE)
giiza nhiéz dé Vo mdy va nhiét dg dau

Loai may MAE MIN MAX
1 1,56 0,04 3,27
2 2,48 0,06 4,18

3.2. Ung dung thu thap di liu trén dich vu web server va kich ban cinh bdo

Hé thong ciling dwoc van hanh thir nghiém tai cong ty dién luc Bac Liéu, ba tram do duoc lip
dit trén 3 MBA v6i bd tri twong tw nhu Hinh 6. Ung dung giam sat va canh bao c6 giao dién
chinh nhu Hinh 8, bao gdm bang hién thi trang thai van hanh cuia MBA, biéu d6 vé di liéu lich
sir, ban d lap dat (chire ning nay hién chua cai dat, s& van hanh theo toa do thuc té khi trién khai
hé théng). Hé théng hoat dong xuyén sudt trong vong hai ngay 18 va 19 thang 3 nim 2022. Bén
canh canh bao vuot ngudng nhiét do cho phép nhu tinh toan, hé thong ciing dugc thir nghiém
canh bao khi nhiét d6 tang dot ngot (tang tir 3°C trg 1én trong 5 phit) va khi nhiét do giam dot
ngdt (giam tir 3°C tré xudng trong 5 phut).
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3.3. Ban lugn

Két qua trién khai thuc nghiém cho thay hé thong dugc phat trién c6 kha ning giam sat lién
tuc va dua ra canh bao khi nhiét d6 vugt ngudng cho phép theo quy dinh van hanh. Céc tram do
dd duoc cau hinh va quan Iy mot cach hiéu qua thong qua dich vu AWS 10T cia Amazon va tat
ca cac dir liéu dugc luu trit ¢é phuc vu cho muc dich giam sat va phan tich dua ra danh gia. Ung
dung web mic du giao dién con don gian nhung di hoat dong 6n dinh, c6 thé két ndi, truy xuat
co so dir liéu dé phan tich, dua ra canh bao va biéu dién truc quan duéi dang biéu d6 thoi gian
thuc gitp doi quan ly van hanh va doi quan 1y c6 thé gidm sat dé dang cac MBA dang hoat dong
va nhanh chong phat hién su cb va dua ra giai phap khic phuc kip thoi. Piéu nay gop phan giam
thiéu céc thiét hai do sy c6 MBA xay ra nhu mat dién hay chay nd. Hé thong nay hoan toan co
thé cai tién va dong gop giai phap cho cac nghién ctiu vé ludi dién thong minh sau nay.

Bac Liéu, ngay 19 thang 3 nam 2022 9:41:37 Tram s6 1: (Cap nhat: 2022-03-19 09:40:40)
Cambién1  37.35°C Hoat dong 6n dinh I Cim bién s6 1 4m bién s 2

Tram1 = 7 == = % .
Cam bien 2 36.85°C Nhiét do tang dot ngot

Cambién1  38.18°C  Nhiét do tang dot ngot
Cambién2  37.79°C  Nhiét do tang dot ngot
Cambién1  3500°C Hoat dong 6n dinh 2

Tram 3 < A s 4 P T
Cam bién 2 0.00°C  Hoat dong 6n dinh

Tram 2

Dinh vi hé thong giam sat

Tram s 1: Tram Tran Huynh, 1x25kVA, Hiéu: Thibidi

Tram s0 2: Tram Cu xa dién luc, 1x25kVA, Hiéu: Co dién Thi Birc
Tram s0 3: Tram Cong Binh, 1x25kVA, Hiéu: Thibidi i o i
Tram s6 2: (Cap nhat: 2022-03-19 09:40:42)

Do thi nhiét do tram s6 2, ngay 19 thang 3 nam 2022
Tém2 T I i bi : 2

DURPEEPS S SEESGPEPEEDE L _

Hinh 8. Mét phan giao dién chinh cia iing dung web d@é giam sat va canh béo

Bén canh d6, nghién ciru nay ciing da budce dau khao sat va dua ra moi quan hé giira nhiét do
cudn day MBA va vo ciia né dé dua ra mot giai phap giam sat khong xam lan giap hé théng dé
Iép dat, an toan va khong anh hudng dén ludi dién dang van hanh. Tuy nhién, dé viéc canh bao
dugc chinh xéc thi can khao sat tuong quan giita hai nhiét do nay trong nhiéu truong hop hon nira
cling nhu thir nghiém van hanh trén ludi dé tim ra ngudng canh bao phi hop nht.

Ung dung web ciing can duoc cai tién vin dé bao mat. Ung dung hién tai chua tip trung vao
van dé bao mat hé thong, tat ca cac dit lidu dugc thu truc tiép tir may cha cia AWS IoT va tat ca
nguoi stir dung déu c6 thé truy cap vao. Pidu nay dong nghia vai viéc néu biét duge co ché trao
ddi gitta AWS IoT va tng dung thi hoan toan c6 thé tao ra cac canh bao gia dé danh lira doi van
hanh nham véi myc dich pha ri.

4. Két luan

Nghién ctru nay da thiét ké thanh cong hé thdng gidm sat va canh bao quéa nhiét MBA phan
ph01 trong qua trinh van hanh dya trén nén tang coéng ngh¢ IoTs. Cac tram do duoc lip dat truc
tiép trén MBA dé do nhiét do van hanh bang phuong phap khong tiép xtic. Nhiét do cudn day
MBA duge do gian tiép qua vé may. Nén tang AWS loT cua hang Amazon dugc ap dung dé
quan ly va thu thap toan bd dir liéu do va luu vao co s¢ dir liéu NoSQL (Amazon DynamoDB).
Mot tng dung web ciing di dugc phat trién thanh cong dé két ndi, thu thap va phan tich dir liéu
dé dua ra canh bao mot cach chinh xac va kip thoi. Dong thoi dir liéu ciing dugc V& truc quan
theo thoi gian thuc doi van hanh thir nghiém c6 thé theo dai lién tuc. Thanh cong budc dau caa
nghién ctru nay 1a bude dém dé d& xuit cac nghién cau phic tap hon nhu xay dung luéi dién
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thong minh, h¢ thong phan tich dy doén bao tri bao dudng dua trén dit liéu thu thap va nhiéu tmg
dung khac nira trong twong lai cua nganh dién.

TAI LIEU THAM KHAO/ REFERENCES

[1] M. F. Chen, H. C. Chiu, K. S. Tseng, Y. C. Yang, C. Y. Chou, and J. A. Jiang, “An IoT-based
Temperature Monitoring System for Underground Cable Tunnels,” IEEE PES GTD Gd. Int. Conf.
Expo. Asia, 2019, pp. 960-964, doi: 10.1109/GTDAsIia.2019.8715849.

[2] C. Kumar and M. Liserre, “Operation and control of smart transformer for improving performance of
medium voltage power distribution system,” IEEE 6th Int. Symp. Power Electron. Distrib. Gener.
Syst., 2015, doi: 10.1109/PEDG.2015.7223092.

[3] Y. Wu, L. Liu, C. Shi, K. Ma, Y. Li, and H. Mu, “Research on Measurement Technology of
Transformer No-load Loss Based on Internet of Things,” in APAP 2019 - 8th IEEE International
Conference on Advanced Power System Automation and Protection, 2019, pp. 150-153, doi:
10.1109/APAP47170.2019.9224961.

[4] M. Kaczmarek, D. Brodecki, and R. Nowicz, “Analysis of operation of voltage transformers during
interruptions and dips of primary voltage,” 10th Int. Conf. Electr. Power Qual. Util. EPQU’09, 20009,
doi: 10.1109/EPQU.2009.5318848

[5] R. S. Girgis, M. Bernesjo, and J. Anger, “Comprehensive analysis of load noise of power
transformers,” IEEE Power Energy Soc. Gen. Meet. PES 09, 2009, pp. 1-7, doi:
10.1109/PES.2009.5275883

[6] T. R. Chaves, M. A. I. Martins, K. A. Martins, A. F. de Macedo, and S. de Francisci, “Application
Study in the Field of Solutions for the Monitoring Distribution Transformers of the Overhead Power
Grid,” Energies, vol. 14, 2021, Art. no. 6072, doi.org/10.3390/en14196072

[7] R. R. Pawar, P. A. Wagh, and S. B. Deosarkar, “Distribution transformer monitoring system using
Internet of Things (1oT),” International Conference on Computational Intelligence in Data
Science(ICCIDS), 2017, doi:10.1109/1CCIDS.2017.8272671

[8] J. Ramesh, S. Shahriar, A. R. Al-Ali, A. Osman, and M. F. Shaaban, “Machine Learning Approach for
Smart Distribution Transformers Load Monitoring and Management System,” Energies, vol. 15, no.
21,2022, Art. no. 7981, doi: 10.3390/en15217981.

[91 Amazon, “AWS IoT Core - Developer Guide,” [Online]. Available:
https://docs.aws.amazon.com/iot/latest/developerguide/iot-dg.pdf#what-is-aws-iot. [Accessed May 10,
2022].

[10]Espressif, “ESP32-WROOM-32SE,” 2022. [Online]. Available: https://www.espressif.com. [Accessed
May 14, 2022].

[11]Melexis, “MLX90614 family,” Datasheet Single and Dual Zone Infra Red Thermometer in TO-39,
2019

[12]M. INTEGRATED, "DS18B20 programmable resolution 1-wire digital thermometer,” Rev, vol. 4, p.
22, 2008.

[13]W. Gay, "DHT11 sensor," in Advanced Raspberry Pi. Springer, 2018, pp. 399-418.

http://jst.tnu.edu.vn 151 Email: jst@tnu.edu.vn



